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PREFACE

During an investigation of the mineral potential of parts of 

Sonora, Mexico by the Consejo de Recursos Minerales (CRM) in 1974-75, a 

copper-anomalous area was located which merited further study. The 

author was employed by the CRM, while a graduate student at The Univer

sity of Arizona, to investigate the mineral possibilities of the anoma

lous area, located in the Rancho El Rodeo vicinity, Sonora, Mexico. The

information and conclusions contained in this thesis are those of the
y

author and do not represent the opinions of the CRM organization.

The investigation of the anomalous area was designed to verify 

whether there is enough economic potential present to continue an ex

ploration program. It should be understood that the conclusions and 

results obtained from the study hinge upon the degree to which the in

vestigation was intended and carried out. Because of a lack of survey 

control (topographic base maps), a lack of drilling data, and limited 

time, the results obtained are preliminary; the author does not intend 

to imply that the conclusions drawn should be considered the last word 

concerning the geology of the Rancho El Rodeo area.

Appreciation and thanks are expressed to the Consejo de Recursos 

Minerales (CRM) for their assistance and financial support of this the

sis. Specifically, the author would like to thank Dr. Jose Luis Lee 

Moreno, Head of the Department of Geochemistry of the CRM, for his sug

gestions and for arranging with his department to make petrographic thin
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sections, analyze rock samples, and supply what data was available on 

the Rancho El Rodeo area. The writer also expresses appreciation to 

Mr. Mario Luis Chavez Martinez, of the CRM, and Mr. Carlos Padillo for 

their assistance in geochemical sampling and their companionship while 

working in the thesis area.

In addition, gratitude is expressed to members of the Department 

of Mining and Geological Engineering at The University of Arizona, for 

their advice and technical suggestions during the writing of the thesis. 

Specifically, thanks is given to my thesis advisor. Prof. W. C. Peters, 

and to Prof. Edward Jucevic and Prof. DeVerle Harris.

I would also like to thank Drs; J. Guilbert and P. Gilmour for 

allowing access to their private files on a neighboring prospect area 

investigated by Geochemical Surveys, Inc. and themselves in 1970-71. 

Special thanks is extended to Harvey Peter Knudsen, of the Department 

of Mining and Geological Engineering, for his assistance in the computer 

application of the geochemical data, and to K. A. Lovstrom, Assistant 

Chief Geochemist of AMAX Exploration, Inc., for his timely comments on 

the geochemistry of the Rancho El Rodeo area. Finally, my thanks are 

extended to Cherri Wachter for her suggestions and typing of this thesis.
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ABSTRACT

The Rancho El Rodeo area, southwest of Nogales, Sonora, Mexico, 

is composed of a series of northeasterly-dipping volcanic flows intruded 

by small bodies of hornblende monzonite porphyry. The intense red color 

is apparently due to the oxidation of mostly syngenetic pyrite (the only 

sulfide mineral present) and ferromagnesium minerals in the volcanic 

rocks and in a low-angle andesite dike. Ubiquitous sericite probably 

originated from the dike. Silicic and tourmaline alteration is con

fined to the proximity of the quartz veins and tourmalinite exposure. 

Active emplacement of the hornblende monzonite porphyry plus lack of a 

strong concentric alteration pattern indicates that the area cannot 

be likened to a porphyry copper system.

Rock chip geochemistry indicated relatively high values for 

copper, molybdenum, lead, and zinc. A statistical analysis revealed 

that only two samples were above threshold for lead and molybdenum. A 

trend surface analysis for molybdenum revealed that positive residuals 

occur near the tourmalinite exposure and the main intrusive. The analy

sis indicates that the rock chip sample program established an orienta

tion survey for the area and was not significantly helpful in 

economically evaluating the area. No evidence of indicative economic 

mineralization exists on the surface. However, if re-evaluation of the 

geochemical samples is anomalous, then a multiple drill target program 

allocating $55,000 for exploration would be in order.

viii



INTRODUCTION

Location and Access

The Rancho El Rodeo thesis area is in the State of Sonora,

Mexico, approximately at 31o01’ latitude north and 111°181 longitude 

west. More specifically, the area is 37 km on a 239° bearing from the 

border city of Nogales, Sonora (Figure 1). Access is by three routes; 

two originate in Nogales, and one begins in Sasabe, Arizona, U.S.A.

The Sasabe route is not recommended because of poor road conditions.

The best access route is by traveling 100 km south of Nogales on Highway 

15 to Santa Ana, west on Highway 2 approximately 70 km to Altar, and 

north 70 km to the village of Saric, where the paved highway ends. A 

winding dirt road travels east-northeasterly through several ranches 

from Saric to the thesis area, situated 1 km east of Rancho El Rodeo.

The alternate route is by traveling on a rough ranch road westerly from 

Agua Zarca, 17 km south of Nogales on Highway 15. This route extends 

over the Arizona Mountains (Sierra Arizona) approximately 25 km to Rancho 

Arizona. The thesis area lies 8 km west of Rancho Arizona. No mining 

has been done in the thesis area, and only two prospect pits exist.

Objectives

During the period of 1974-75, a regional stream sediment geo

chemical study of the northern part of Sonora by the Consejo de Recursos 

Minerals (CRM) indicated a significant copper value (300 ppm) in the 

vicinity of Rancho El Rodeo. Further inspection revealed an intensely

1
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red-colored area. This thesis is the result of the preliminary inves

tigation of that anomalous area. The study was designed to ascertain 

whether further exploration of the color anomaly could determine if a 

possible ore deposit exists in the Rancho El Rodeo area.

Procedures

Since no topographic coverage was available for the project . 

area, a base map at a scale, of 1:5000 was constructed using aerial pho

tographs at a computed scale of 1:50,000. Ridges, stream bottoms, ar- 

royo intersections, roads, and prominent points of elevation were used 

to aid in the control during the construction of the base map. A map 

of the central intrusive area was then constructed at a scale of 1:2500, 

using similar methods. Elevations were taken by altimeter at selected 

geochemical sampling sites. Field work in the 4 square kilometer area 

was done from July 1, 1975 to August 7, 1975; December 15-25, 1975, 

and April 20-23, 1976. A total of approximately 40 days was spent 

working in the field area. Geologic mapping of the lithology and the 

accompanying alteration was completed; in addition, 124 rock samples 

were collected, from which 87 thin sections were made. Seventy geo

chemical rock chip samples and 17 stream sediment samples were taken 

during December 15-25, 1975.

Previous Work

Prior to this study, only one study of the Rancho El Rodeo area 

(CRM, 1966,. Exploration Report 0895) had been, recorded. The study was
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primarily an aerial photogeologic interpretation and a brief on-site in

vestigation. A generalized geological-geochemical thesis of the Rancho 

El Rodeo area by the writer's field assistant using the writer’s field 

data is also available (Martinez, 1976).

Several other CRM reports have been written on areas east of 

Rancho Rodeo, but not in the Rancho El Rodeo area proper (CRM, 1966, 

Exploration Reports Nos. 0151, 0154, 0166). A mining company investi

gation of a copper-molybdenum prospect approximately 12-15 km west- 

northwest of the Rancho El Rodeo area is also available (Ransone,

1976).

Physical Geography and Vegetation 

A secondary northwesterly-southeasterly ephemeral drainage inter

sects the primary southwesterly-northeasterly drainage. The latter 

drainage pattern has carved the most obvious topographical feature in 

the Rancho El Rodeo area, a wide arroyo bisecting the thesis area into 

two sections. Ridge lines roughly trend northwesterly-southeasterly, 

but this pattern apparently varies with changes in lithologies and rock 

fabric. According to altimeter readings, the range in elevation within 

the thesis area is from a high of 930 m to a low of 805 m above mean 

sea level.

Climatically, the Rancho El Rodeo area is a semi-arid part of 

the Sonoran Desert. Desert vegetation makes traverses somewhat diffi

cult in parts of the study area. Cholla, prickly pear, barrel, saguaro, 

hedgehog, and pin cushion cactus are intergrown among ocotillo, yucca, 

mesquite, and occasional cottonwood trees. Precipitation occurs
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principally during late July, August, and early September, with a total 

rainfall of roughly 26 cm per year. Very rarely, snow occurs in that 

part of the Sonoran Desert. Temperatures are reported to have reached 

a maximum range of 40-45?C and a minimum of 0°C. Mean annual tempera

tures are reported to be in the range of 18-23°C. Parts of the main 

stream within the main southwesterly-trending arroyo and several of the 

ranches * wells have continuous year-round water flow.



GEOLOGY

Regional Geology

Information on the regional geology of northwestern Sonora is 

limited to scattered and brief Consejo de Recursos Minerales (CRM) ex

ploration reports and geologic maps. A regional study, using available 

reports and aerial photographs, indicates that the areas adjacent to the 

thesis area are composed of Quaternary gravels and conglomerates to the 

north and east. Tertiary and undated extrusive rocks to the south, and 

volcanic rocks mixed with scattered basalt flows to the west (Geologic 

Institute of U.N.A.M., 1974). More specifically, photogeology studies 

indicate that Mesozoic and Tertiary age rhyolites comprise the lithol

ogy of the thesis area, bounded on the east by similarly aged andesite 

and latites (CRM, 1967). The CRM map also indicates that a 

northeasterly-trending fracture pattern exists in the vicinity of the 

thesis area. The observations noted above are given in a report in 

which intense hematitic alteration in the Rancho El Rodeo area is also 

noted (CRM, 1966).

Lithology

Representative samples of the lithology in the thesis area were 

taken directly from outcrops. Each sample was split; one part was kept 

for future reference and megascopic identification, and the other part 

was used to prepare a petrographic thin section. Initially, textural 

names were given to rock types in the field. Later, after a petrographic

6
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study of a thin section was completed, a proper rock name was given. 

Several conditions hindered the petrographic study of the thin sections. 

The original rock fabric was difficult to ascertain, due to the intense 

alteration and slight but significant metamorphism of the volcanic 

rocks. The size of the thin section (approximately 1 cm in diameter) 

was so small that a true representation of the rock type may not have 

been attained. In addition, since the feldspars were not stained with 

a potassium solution, the actual ratio between potassium feldspar, 

quartz, and plagioclase in a particular sample may differ slightly from 

that estimated during this petrographic study.

The ages assigned to the rocks are based upon the regional age 

dates given on CRM map of zone" no. 9 (1967). All of the rocks found in 

the Rancho El Rodeo area are considered to be of Quaternary, Tertiary, 

and late Cretaceous age. Precambrian, Paleozoic, and early Mesozoic 

rocks have been identified only at considerable distance away from the 

studied area (CRM, 1967; Geologic Institute of U.N.A.M., 1974).

In the following lithologic descriptions, the approximate per

centages of the minerals are given as a range in percentage found in sev

eral thin sections during the petrographic study. The minerals are 

listed in trace amounts when they amount to 2% or less of the total thin 
section.

Late Cretaceous and Tertiary Rocks

Rocks assigned to these ages make up the bulk of the exposures 

in the Rancho El Rodeo study area (Figure 2, in pocket). These rocks 
consist mainly of extrusive rocks associated with small mafic
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and felsic intrusions and dikes. The dikes vary in width from several 

centimeters to slightly less than a meter, whereas the intrusives are 

generally less than 25 m in diameter. All of the intrusives are scat

tered and do not appear to be distributed in any particular pattern.

The largest of the intrusives occur as hornblende monzonite porphyry 

masses up to 100 m in diameter, and also as radial and concentric dikes 
up to 10 m in width (Figure 3, in pocket). The oldest rock in the study 

area is thought to be small mafic schistose pods which occur as rafted 

inclusions within the latite porphyry and quartz latite porphyry extru

sive rocks.

Mafic Schist. (MS) A dark gray to green, foliated, somewhat 

crenulated, fine-grained and sometimes porphyroblastic schist weathering 

to dark gray-green color. Porphyroblasts exhibit a red-brown alteration 

and are composed of highly altered garnets less than 3 mm in diameter.
The porphyroblasts are microscopically identified as being composed of 

two mineral associations: (1) <50% biotite, 40% plagioclase, <5% quartz,
and <10% epidote; or (2) <1% garnet porphyroblasts, <5% biotite, 25% 
plagioclase, 20% sericite and muscovite, 40-45% microdine, 1-2% quartz, 
and <5% opaque minerals (magnetite). The mafic schist occurs as rafted 

mafic inclusions or pods less than 4 m in diameter within the latite 

porphyry and quartz latite porphyry and diorite units; it may represent 

remnant portions of an older body of rock that has been either buried by 

younger rocks or removed from the immediate area by natural weathering

action.
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Rhyolite. (R) A brownish-red to light gray, aphanitic, holo- 

crystalline and occasionally microporphyritic rhyolite weathering to a 

reddish-brown color. It is microscopically identified as containing 

10-25% quartz, 40-75% orthoclase, <5% hematite, <5% sericite and musco

vite, and traces of plagioclase. Megascopic study revealed <5% fresh 

pyrite in several locations within the rhyolite unit. Random inclusions 

containing as much as 15-20% microcline (euhedral) are found. Occasion

al flow banding indicates that this unit is extrusive. Tourmalinization, 

sericitization, argillization, and silicification and combinations of 

several of these types of alteration are found in this unit.

Rhyolite porphyry. (Rp) A light gray to light green porphyrit- 

ic rock having a holocrystalline and aphanitic groundmass which contains 

occasional black sprays of tourmaline, weathering to a light reddish- 

brown color. Euhedral phenocrysts of quartz are approximately 1 mm in 

diaineter. It was determined microscopically to contain an average of 

10-20% quartz, 60-75% orthoclase, 1-3% microcline, 5-10% plagioclase, 

and traces of sphene, epidote, biotite, and pyrite. Sericitization is 

generally minor (1-5%), as is tourmalinization, but heavy silicification 

occurs locally (<55%). Pyrite occurs as euhedral crystals less than 1mm 

in diameter altering to hematite on the surfaces. The unit is locally 

schistose, and it may be related to the rhyolite unit (R).

Diorite. (D) A dark gray-brown; phaneritic, fine-grained, holo

crystalline, hypidiomorphic igneous rock weathering to a gray-green 

color. The feldspars are generally euhedral. The rock contains



10

occasional black radiating sprays of tourmaline and locally appears 

schistose. It is microscopically identified as containing approximately 

60-80% plagioclase, 25-30% orthoclase, 5% quartz, 5% mica (biotite, 

sericite, and muscovite) and trace amounts of zircon, chlorite, epidote, 

and tourmaline (schorl). It may also contain <5% microdine. Sericiti- 

zation of the feldspars and chloritization of the biotite is often ob

served, but tourmalinization is restricted to certain areas (Fig. 4, in 

pocket). This may be the largest intrusive rock mass in the thesis area.

Latite porphyry-Altered latite porphyry. (Lp-Alp) The two units 

are grouped together since they have similar petrographic characteris

tics. The altered latite porphyry unit appears to have had a consider

able amount of pyrite (10%) prior to its weathering. Evidence of the 

former presence of pyrite is the occurrence of 1 mm cubic casts of he
matite. The altered latite porphyry color is dark red-brown and spotty 

to mottled in weathered exposures. The latite porphyry color is a light 

red-brown where hematitic alteration has occurred, and light gray to gray 

where mafic and sulfide content was los; it has a holocrystalline apha- 

nitic groundmass that is hypidiomorphic to allotriomorphic and it is 

porphyrltic, with the maximum feldspar phenocryst size being 3 mm. The 

phenocrysts are occasionally difficult to distinguish from the groundmass 

which is microscopically identified as containing approximately 25-50% 

plagioclase, 30-40% orthoclase, 3-10% microcline, 3-8% quartz, <5% seri

cite, and trace amounts of chlorite, epidote, iron oxides, biotite, and 

tourmaline. As much as 15% of the mineral constituents may be tourmaline 

in the north-northwest area. Sericitization increases where the unit is
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cut by an andesitic dike. Hematitic alteration forms haloes around cu

bical casts after pyrite and occurs along fractures. Minor argilliza- 

tion generally affects most of the microcline and plagioclase in 

preference to the orthoclase. Strong tourmalinization of the latite 

porphyry occurs in the north-northwest portion of the thesis area. The 

rock forms a volcanic unit conformable to its surrounding rock units.

It may be related to the quartz latite porphyry (QLp) unit, with which 

it interfingers.

Quartz Latite porphyry. (QLp) A light gray to gray porphyritic 

rock occasionally stained by hematite, making it gray-red in exposure.

The rock weathers to a light gray color. It is holocrystalline, with 

an aphanitic groundmass, and with phenocrysts of quartz, microcline, and 

orthoclase which are generally less than 3 mm long. The rock is micro

scopically identified as containing 10-20% quartz, 25-45% orthoclase, 
10-15% sericite, 25-40% plagioclase (depending upon the amount of seri- 

citic alteration), and trace amounts of iron oxides, microcline, epidote, 

and biotite. In one instance, a broken and slightly oxidized garnet was 

found. Minor to moderate sericitization of the feldspars, some argilli- 

zation, and some chloritization were observed, but the alteration is 

considered to be minor. A low degree of metamorphism is suggested by 

undulatory extinction in feldspars and quartz. Iron oxides are gener

ally restricted to the aphanitic groundmass, and they consist of hema

tite after pyrite. This.is a volcanic unit probably genetically 

related to the latite porphyry (Lp) unit, with which it interfingers.
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Quartz Monzonite porphyry. (QMp) A light gray to gray, holo- 

crystalline and porphyritic rock with a phaneritic groundmass that is 

sometimes foliated, weathering to a medium gray color. Phenocrysts are 

seriate, subhedral, and consist of quartz and orthoclase, and are usual

ly unaltered, durable, and compact. The rock is microscopically identi

fied as containing 30-35% orthoclase, 20-30% plagioclase, 7-12% 

microcline, 10-12% quartz, and 8-25% sericite-muscovite. The sericite 

content depends upon the proximity of the andesite dike (source of the 

quartz-sericite alteration). Trace amounts of biotite, hematite, and 

epidote are observed. Intense to moderate sericitic alteration, minor 

argillization, and occasional saussuritization are observed. Hematite 

and goethite are noted coating microfractures close to the latite por

phyry unit. Phenocrysts and phaneritic grains are commonly broken and 

strained, indicating a low to moderate degree of deformation in the rock 

unit. This is considered a volcanic rock unit, probably genetically 

related to the latite porphyry and quartz latite porphyry rock units.

Quartz Monzonite. (QM) Light pink to gray, holocrystalline, 

very fine grained, phaneritic, and equigranular rock weathering to a 

light gray color. It is cut in some places by white crystalline quartz 

veinlets less than 5 mm in width. It contains scattered fracture coat

ings of hematite and some hematite casts after pyrite. Microscopically, 

the rock is identified as containing 20-25% quartz, 55-65% orthoclase, 

15-20% plagioclase, and variable trace amounts of muscovite, microcline 

(<6%), tourmaline, biotite, epidote, and hematite. Micropegmatitic
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intergrowths and minor tourmalinization are common. An intrusive igne

ous rock, it occurs as irregular small patches of outcrop, usually clus

tered quite closely together.

Quartz veins and Tourmalinite. (Qv and T) White to dark gray 

veins, depending upon tourmaline content.. The quartz gangue is crypto

crystalline, massive, and holocrystalline, containing scattered irregu

lar cavities or vugs as much as 2-3 cm in diameter, commonly filled with 

sericite. The veins may or may not contain tourmaline. Orthoclase- 

plagioclase content is variable, depending upon whether the intergrowths 

are granophyric or perthitic. Microscopically, the quartz-feldspar veins 

contain 25-40% quartz, 10-40% plagioclase, 20-75% orthoclase and micro- 

cline, <2% sericite, and trace amounts of muscovite, hematite, and py- 
rite. Tourmalinized veins contain 40-60% tourmaline, <20% 

sericite-muscovite, 10-15% plagioclase and orthoclase, <5% quartz, and 

trace amounts of hematite, microcline, and pyrite. In the southwest 

section of the area, in the rhyolite porphyry unit, a tourmalinized vein 

contains up to 5% pyrite, the sulfides occurring as complete irregular 

vug fillings <5 cm in diameter.

Hornblende monzonite porphyry. (M) A medium brown-gray por- 

phyritic rock, weathering to a brown-white color. It consists of a 

holocrystalline, phaneritic, medium-grained, hypidiomorphic groundmass. 

The hornblende phenocrysts are <10 mm long, altering to uralite and 

chloritized biotite. In addition, the plagioclase phenocrysts are al

most completely altered to a dull white-colored kaolinite or similar
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clay mineral. Microscopically, the rock contains 3-10% hornblende 

(uralitic and chloritic), 40-50% plagioclase, 40-50% orthoclase, <5% 

sericite and muscovite, and traces of quartz, calcite, sphene, biotite, 

microcline, and apatite. The carbonate, calcite, usually fills voids 

left after the hornblende laths have altered to uralite, biotite and/or 

chlorite. Alteration includes minor sericitization and argillization of 

the feldspars, and chloritization and/or carbonatization of the horn

blende phenocrysts. Almost complete oxidation of the ferromagnesium 

minerals has occurred. The hornblende monzonite porphyry is considered 

an intrusive igneous rock.

Andesite. (A) A red-brown (usually oxidized) or gray, holo- 

crystalline, aphanitic rock that may appear schistose and usually highly 

altered, weathering to a red-brown color. Microscopically, the rock 

contains 65-80% plagioclase, 10-15% orthoclase, 5-10% quartz, 3-10% iron 

oxides, and trace amounts of apatite, sphene, biotite, and microcline. 

The microcline content may run as high as 15%. Sericite content is var

iable (5-70%), and concentrates along microfractures and permeates the 

andesite matrix. Concentrations of sericite and quartz may form irregu

lar, randomly distributed "hot spots" composing 75% of the rock unit. 
Plagioclase is highly altered to sericite and disoriented. Elongate 

casts of a ferromagnesium mineral, believed to be hornblende, are occa

sionally present. Alteration includes moderate to high oxidation, seri

citization, and moderate silicification. Believed to have supplied most 

of the sericite and quartz introduced into the surrounding host rocks,
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the andesite occurs as a northwesterly-southeasterly trending intrusive 

dike.

Dacite. (Da) A light red to brown, holocrystalline, aphanitic 

rock with white altered lath-shaped crystals of plagioclase and occa

sional dark brown and oxidized lath-shaped hornblende crystals. The 

rock weathers to a light brown color with hematite coating microfrac

tures. Microscopically, the rock contains 65-70% plagioclase, 10% ortho- 

clase, 6-20% sericite (variable), 7-10% chloritized mafic minerals (i.e., 

hornblende), and trace amounts of hematite, muscovite, biotite, carbon

ate, quartz, and epidote. Alteration includes minor amounts of oxida

tion, sericitization, chloritization (mafic minerals), and argillization 

(feldspars). The dacite occurs as a small (<25 m) elongate intrusive 

in the diorite (D) unit located in the western portion of the mapped 

area.

Diabase. (Db) A buff-colored rock with a greenish-gray tint, 

weathering to a medium green-gray color. It is somewhat foliated, holo

crystalline, phaneritic, and speckled with fibrous clusters of schorl. 

Occasionally, 1-2 mm quartz phenocrysts are observed. Microscopically, 

the rock contains approximately 40% hornblende, 30-50% plagioclase, 

15-20% chlorite, <5% augite, and trace amounts of serpentine, muscovite, 

quartz, tourmaline (schorl), and carbonate. At most, 10% of the feld

spars are argillized. Accompanied by minor tourmalinization and heavy 

chloritization of the hornblende and muscovite, the diabase occurs as 

small, dike-like masses in the diorite (D) unit near the rhyolite por

phyry (Rp) contact.
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Hornblende lamprophyre. (HI) A brown to gray rock weathering 

to a dark gray color. It contains a holocrystalline, aphanitic, altered 

groundmass. Heavily oxidized elongate phenocrysts of hornblende have 

been mostly dissolved, leaving hollow casts. The rock has not been mi

croscopically studied. It occurs in the latite porphyry unit (Lp) as a 

15-25 cm-thick sill exposed for a distance of 25 m, trending 350° and 

dipping 35°SW.

Quaternary Rocks

Terrace gravels. (Qt) A light brown matrix that is slightly 

calcareous and contains igneous and metamorphic cobbles, pebbles, grav

els, and sands. The gravels are composed of schists, phyllites,wol- 

canics, and intrusive rocks (described previously), and occur in the 

north, west, and south portions of the thesis area, covering benches and 

ridges.

Alluvium. (QAL) A light gray gravel that turns a red-brown 

color in heavily oxidized zones, such as the andesitic dike (A). It con

sists of rock types listed previously and some metamorphic and magnetite- 

rich sands. The alluvium occurs as washed material found in arroyos and 

catch basins within the thesis area and in the main northeast-southwest 

trending arroyo that bisects the mapped area.

Alteration and Oxidation

The Rancho El Rodeo area was expected to contain mineralization 

because a regional geochemical stream sediment sampling program indicated
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an anomalously high copper concentration of 300 ppm in the vicinity of 

Rancho El Rodeo. The program was carried out in 1974-75 jointly by the 

CRM of Mexico and the U. S. Geological Survey. Investigation of the re

gion showed a red oxidized area 2 km northeast of Rancho El Rodeo asso

ciated with an intrusive hornblende monzonite porphyry. The area was 

suspected by the CRM to contain a porphyry copper-type system with its 

associated alteration pattern. However, it now appears that the altera

tion at Rancho El Rodeo and the source of the alteration (Figure 4) is 

not similar to what would be expected in a porphyry copper system. A 

comparison with porphyry copper alteration systems follows the descrip

tion of the sericitization, propylitization, silicification, tourmalini- 

zation, argillization, and oxidation at Rancho El Rodeo.

Sericitization. The feldspar minerals, particularly plagio- 

clase, have been selectively sericitized, either completely or to a les

ser extent. Remnant crystal outlines can be seen microscopically with 

the sericite invading the crystal structure. In addition, sericite was 

observed to have flowed around quartz phenocrysts and to have permeated 

some of the microfractures, suggesting that the sericite was hydro- 

thermally introduced into the rocks. Orthoclase has been sericitized, 

but to a much lesser degree than plagioclase. The sericitization of 

K-feldspar is due mostly to sericite penetrating along fractures and 

along the outer phenocrysts* edges. The amount of sericite varies from 

1 to 60% of the rock. Only the diabase and hornblende lamprophyre have 

not been sericitized, indicating that the period of sericitization must
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have occurred prior to intrusion of the mafic rocks, probably in late 

Tertiary time. The amount of sericite increases as one approaches the 

andesitic dike, suggesting that the dike is the source of the sericite. 

The dike itself is heavily sericitized, with occasional concentrations 

or clots of quartz and sericite occurring without any particular regu

larity (Figure 4). Pyrite is not associated with the sericite, but 

fresh pyrite is found occurring in the rhyolite porphyry unit (Rp). 

Heavily oxidized pyrite remnants occur throughout most of the other rock 

units in the area.

Propylitization. Generally, chlorite, epidote, calcite, and an 

unidentified clay mineral are considered to constitute propylitization 

of the rocks examined in the thesis area. Where the wall rock is con

sidered propylitized, part of the alteration mineral assemblage is pres

ent and it comprises less than 5-10% of the total rock examined. The 

propylitization, like sericitization, occurs in all of the rock units, 

but differs from sericitization in that the alteration occurs randomly 

and with no regularity. Generally, the more mafic units such as diorite 

(D) and mafic schist (MS) are more affected by propylitization than are 

the felsic rocks, probably because of the former rocks containing more 

mafic minerals. The hornblende monzonite porphyry is affected notice

ably, and for the same reason. Chlorite tends to replace hornblende and 

biotite, while the clay mineral replaces plagioclase, and to a lesser 

extent, K-feldspar. The clay mineral selectively replaces the plagio

clase along one particular set of the twinned ribs rather than along 

the complimentary set, and tends to argillize the outer edge of the
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phenocryst readily. Calcite, or a similar carbonate, occurs in almost 

all cases as a filling in a corroded mafic mineral such as hornblende, 

suggesting a later period of deposition than that of the accompanying 

chloritization. No particular pattern of propylitic alteration is sug

gested. In addition, no veinlets of chlorite, calcite, or epidote were 

observed. The lack of pattern and the lack of veinlets suggests rela

tively weak propylitization.

Silicification. Country rock surrounding northeast- to 

northwest-trending quartz veins, rhyolite porphyry (Rp), rhyolite (R), 

and quartz monzonite (QM) in the southern portion of the thesis area has 

been silicifled. Veinlets of quartz, sericite, and microcline (broken 

phenocrysts) cut the rhyolite and quartz monzonite. In addition, equi- 

granular and extremely fine-grained allotriomorphic quartz permeates 

the adjacent rock. In the central portion of the thesis area, heavy 

silicification accompanies tourmalinized rhyolite and latite porphyry. 

The affinity of silicification for tourmalinization is apparent where 

the tourmaline has altered the country rock, but the reverse is not nec

essarily true. In other words, where the country rock is silicified, 

tourmalinization may not occur, even though it is sometimes found in the 

quartz veins as bluish-black radiating sprays less than 2-3 mm in di
ameter, enclosed in quartz.

A strong association of quartz and sericite is found at various 

locations in the andesitic dike. The andesite becomes totally altered, 

the feldspars become completely sericitized, and quartz invades the rest 

of the rock. The quartz is probably hydrothermally derived; it is milky



20

to gray and is highly fractured, breaking into many slivers and chunks 

when crumbled by hand.

The source of the quartz enrichment is apparently in the 

northerly-trending quartz veins and the andesite dike. No source of 

the actual quartz veins was located, although the presence of the veins 

and of highly altered exotic phenocrysts of microcline in the veins and 

in some of the felsic rocks may indicate an intrusive rock at depth. 

Silicification may affect as much as 20% of the rock, but the amount is 

generally much less (<10%).

Tourmalinization. Tourmaline alteration is restricted to the 

south-central portion of the thesis area, but it is also found in the 

western and southern extensions of the area. It affects diorite, rhyo

lite, quartz monzonite, and rhyolite porphyry (Figure 4). Usually <5% 

of the rock is affected, but in the south-central region of the mapped 

area, where quartz monzonite has intruded rhyolite porphyry, the tour

maline content increases to over 60% of the total rock. The rock ap

pears compact, dense, somewhat glassy in luster, and charcoal gray to 

black in color, depending upon the tourmaline content. The central tour

maline exposure may camouflage an exposed vein or an intrusive. It is 

centrally located with respect to tourmaline alteration, and is undoubt

edly related to the source of the tourmaline. Megascopically, the tour

maline is black, but microscopically it is dark blue to pinkish-brown, 

and it occurs as radiating sprays as much as 3 mm in diameter. Mineral- 

ogically, the tourmaline is schorl. It is generally enclosed in quartz.
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but this is not always the case, suggesting that the tourmaline was de

posited simultaneously.with the quartz and also at a later time, using 

the same plumbing system as the quartz, i.e., through the northerly- 

trending vein system.

Argillization. Plagioclase has undergone an alteration to a 

clay mineral (kaolinite?) in most of the rock units, but argillization 

is considered minor, since generally less than 10-15% of the plagioclase 

is affected. Since pyrite is scarce in the area, no connection between 

the argillic minerals and pyrite can be assumed. Biotitization as well 

as argillization is evident in a schistose diorite sample taken in the 

northwest part of the mapped area, but this is apparently because bio- 

tite is the only mafic mineral present in the rock (Moorhouse, 1959, p. 

294). Since the biotitization is an exception rather than the rule, no 

connections can be implied between the argillized plagioclase lamellae 

and biotite and pyrite, an association indicative of an argillic zone 

belonging to a porphyry copper (Lowell and Guilbert, 1970, p. 383).

Oxidation. The intense red-brown color of the rocks in the area 

is one of the primary reasons for the investigation into the geological 

nature of the area. Excluding the mafic rocks, many of the other rock 

units contain hollow cubic casts with hematite and goethite haloes sur

rounding the voids. These voids are assumed to have once contained py

rite because of the shape of the voids and because some of the voids 

still contain remnant pyrite. The voids are less than 1-2 mm across and 

account for less than 2—3% of the rock except in the eastern section of
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the thesis area near the main arroyo where the content is increased to 

7-10% of the total rock volume. This unit has been identified as an 

altered latite porphyry (ALp) and is considered the same unit as the 

latite porphyry. Occasional microveinlets and blebs of fresh pyrite 

less than 1-2 mm in diameter are found in the rhyolite (R) unit, par

ticularly near the southern edge of the mapped area. However, there ap

pears to have not been enough pyrite available to have produced the 

red-brown color anomaly. A study of the altered andesite dike revealed 

that many tiny voids of what was once pyrite and ferromagnesium minerals 

are included in the sericite, giving the dike an even more red-brown 

color than the surrounding brown country rock. Therefore, the andesite 

dike or the pyrite content within the volcanic rock units, or a combi

nation of both, apparently caused the red-brown color enrichment in the 

mapped area. The brown color diminishes on the far side of quartz veins 

away from the andesite dike, suggesting that the veins blocked the iron 

transportation away from the dike to some extent.

Comparison with Porphyry Copper Systems 

The alteration and oxidation study indicates that the area is 

probably not associated with a porphyry copper-type deposit. There are 

several reasons. First of all, the alteration scheme at Rancho El Rodeo 

does not conform to a concentric porphyry copper pattern around a cen

tral felsic intrusive, as worked out by Lowell and Guilbert (1970, p. 

379). Several elliptical-shaped hornblende monzonite porphyry bodies 

less than 100 m in diameter exist in the mapped area (Figures 2 and 3, 
in pocket), but even considering them as an expression of a
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multiple-centered porphyry, the overlapping of the alteration zones can

not be resolved. A potassic alteration assemblage of quartz, K-feldspar, 

and biotite was not found. Biotite is uncommon to the rocks of the the

sis area. A phyllic assemblage of quartz, sericite, and pyrite was not 

found, even though sericite and quartz are observed in thin section to 

have been hydrothermally introduced into the area. Sericite is present 

in most parts of the thesis area, as is quartz. The same applies to 

argillization of the feldspars, but a typical argillic zone does not 

exist. Propylitization involving chlorite, epidote, and calcite is 

spotty and does not grade outward into what could be termed fresh coun

try rock where low-grade metamorphism is observed to have converted some 

of the felsic volcanics to phyllite, particularly in the eastern portion 

of the mapped area. The propylitization generally favors the more mafic 

rocks such as diorite and diabase, suggesting that the alteration was 

probably caused by a chemical change in the rock’s mineral constituents, 

brought about by the sericitic-silicic-bearing hydrothermal solutions, 

or even possibly by the low-grade phyllitic metamorphism.

The intense red color anomaly associated with the mapped area is 

a direct result of the oxidation of pyrite, and, to a lesser extent, of 

ferromagnesium minerals such as hornblende. This is evidenced by the 

voids found in the various rock units. Voids after hornblende occur as 

elongate and rectangular-shaped holes in the andesite (A) and hornblende 

monzonite porphyry (M) units. These voids are distinguished from the 

pyrite voids in that the pyrite voids are cubical in shape, and are com

monly surrounded by hematitic to goethitic haloes. The pyrite voids are
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almost microscopic in the andesite, but they occur up to 3 mm in size 

in the altered latite porphyry (Alp) portion of the latite porphyry (Ip). 

Within the rhyolite porphyry (Rp) unit in the southwestern part of the 

mapped area, a one meter-wide quartz vein contains many vugs filled with 

limonite, some of which still contain masses of pyrite. Vugs up to 5 cm 

across seem to occur at random along the north-northeast trend of the 

vein.

No remnants of any other sulfide minerals were found in the cap

ping. Jerome (1966, p. 83) mentions that large distinctive red areas 

occur around, some porphyry copper deposits, but concludes that these are 

due to nothing more than the oxidation of barren, pyrite abundantly dis

seminated in and veining a siliceous matrix. This is apparently the 

case at Rancho El Rodeo. On the basis of the supporting evidence pre

sented herein, the writer believes that the Rancho El Rodeo area should 

not be likened to a porphyry copper locality. It is also quite possible 

that no economic mineralization exists in the area (see Geochemistry).

Structure

The Rancho El Rodeo area is located very close to the intersec

tion between two economically interesting structural zones, the north- 

south trending Wasatch-Jerome Orogen and the northwest-southeast 

trending Texas Structural Zone. The intersection is interesting because 

many major porphyry copper deposits occur in the general area of the 

intersection and along the zonal trends. The Wasatch-Jerome belt of de

formed rocks is a graben structure that is believed to extend southward 

into Mexico and to bound the central plateau of the Sierra Madre
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(Schmitt, 1966, p. 23). The mapped area lies within this zone but it 

appears to be south of the Texas zone, which trends 285°. The Texas 

Lineament, as it is called, is believed to be a very old and persistent 

structural zone that has developed grabens, uplifts, and thrust areas, 

and that affects rocks as young as upper Tertiary in age (Schmitt, 1966, 

p. 24).

As seen on the geologic map of the Rancho El Rodeo area, the 

area could best be described as a volcanic pile, a series of layered ex
trusive rocks that is cut and intruded by some more mafic rocks 

in the form of dikes and sills. The area has been tilted. Volcanic 

layers dip between 30 and 45° to the north-northeast, and steepen from 

southwest to the northeast. This also corresponds to the dip of the 

foliation where the rock units are phyllitic and schistose. All of the 

rock units appear to trend west-northwesterly; this includes the intru- 

sives outcrops, with the exception of the small outcrop of the horn

blende lamprophyre unit (HI), which trends north-south and dips 35°W.

The easterly-westerly strike of the andesitic dike fluctuates greatly, 

probably due to the low angle of dip involved, and dips to the north and 

northeast.

Veining occurs in two primary sets, both of which may contain 

all or some of the following minerals: quartz, K-feldspar (orthoclase 

and/or microcline), plagioclase, sericite, hematite, tourmaline (schorl), 

and pyrite, in order of decreasing abundance. One set has a northeasterly 

modal orientation of 16° dipping 63°SE; the second set is oriented 115° 

dipping 58°SW. A third minor set trends essentially east-west with
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variable dip angles, generally near vertical. The occurrence of pyrite 

is restricted to the northeast-trending set, but limonite pseudomorphs 

after pyrite are found in both major sets. Tourmaline occurs in both 

sets as well, but is restricted to a zone close to the highly tourma- 

linized exposure occurring near the contact of the quartz monzonite and 

rhyolite porphyry units.

Faults occur in two.distinct sets. One set trends northwest

erly and dips at a high angle to the southwest. The second set, some

what minor in importance relative to the first set, trends northerly and 

dips westerly at high angles. Most of the recognized faults dip at a 

high angle and are normal faults with relatively minor slip along the 

strike. However, this is not the case where the faults intersect the 

andesitic dike and become brecciated. The breccia fragments are angu

lar, usually less than 5-8 cm in diameter, and are composed of highly 

altered sericitized andesite and latite. The brecciated wall rock sug

gests high-angle, reverse movement along the fault.

A third fault set trends northeasterly and occurs less frequently 

than the other two fault sets. Displacement along these faults is large 

in comparison to that of the other sets, and it appears to have been 

both vertical and lateral. The major northeast-trending arroyo is 

thought to follow one of these faults. The structural analysis of rocks 

associated with this possible fault is discussed later.

Veining and faulting have apparently made use of the natural 

fracturing in the area, since the joint trends match the trends of the 

veining and faulting. Using a computerized Schmidt plot program devised
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by Dr. R. D. Call of The University of Arizona, the poles to the frac

ture plane's orientation were plotted, and eight intersecting areas were 

taken from the Raw Point Count plot (R.P.C.). A total of 136 orienta

tions were input, 95 of these coming from the structural domain to the 

northwest of the Rancho El Rodeo valley, and 41 orientation taken from 

the southeast structural domain. The orientations were taken from read

ings on joints, faults, veins, and layers within the volcanic rock 

units. An emphasis on the northwest side is immediately recognized, 

since more than twice the amount of readings were taken on the northwest 

side than the southeast side. This emphasis reflects the availability 

of good readings on the northwest side with respect to the southeast and 

the remoteness of the southeast side. Of the eight anomalous orienta

tions, three were removed after establishing a level of significance of 

3%, using the percent plot. The modal orientations of the five remain

ing sets are given in Table 1.

The dominant joint set in the area has a modal orientation of 

32° and dips 83°NW. It is interesting to note that this orientation is 

not the most obvious geologically, but apparently it does control the 

major drainage system in the area— the Rancho El Rodeo valley. A fault 

of unknown extent and movement is believed to exist beneath the alluvium 

filling the valley. The map (Figure 2) indicates a slight right lateral 

shift in the rock units on the southeast side of the proposed fault in 

the valley with respect to the northwest side; in addition, a comparison 

of the percent plots of both sides indicates that a clockwise rotation 

exists. The Schmidt equal-area net lower-hemisphere plot indicates that



Table 1. Results of the Structural Study of the Rancho El Rodeo Area, Northern Sonora, Mexico.

R.P.C.
Area Related to 

No. Composite R.P.C.
Maximum
Strike/Dip

Minimum
Strike/Dip

Modal
Orientation

Possible
Cause

Probable
Age

1 NW 41° 85°SE 24° 66°NW 32° 83°NW late Cenozoic

2 NW 302° 72°SW 287° 52°SW 295° 58°SW T.L.2 Tertiary

3 NW 20° 67°SE 12° 56°SE 16° 63°SE W.-J.3 late Cenozoic

4 NW 87° 49°SE 74° 38°SE 80° 45°SE T.L. Tertiary

5 SE 330° 10°NE 30° 2°SE 286° 5°NE T.L. Tertiary

6 Not accounted for - - - - -

7 NW - - - - -

8 Not accounted for — — — — —

^Raw Point Count number. 
^Texas Lineament 
^Wasatch-Jerome Orogeny
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the highs in. the southern hemisphere have apparently moved from east to 

west, and highs in the north have moved from west to east. This could 

mean that there has been rotational movement along the strike of the 

fault plane. This is possibly one of the reasons why the area is local

ly tilted to the northeast, although most of the tilting has more tec

tonic implications than just fault movement through the Rancho El Rodeo 

valley.

The continuity of the dip in the mapped thesis area suggests 

that the northeasterly tilting is due to a regional tectonic event 

rather than a localized event. Both sides of the suggested fault cut

ting through the Rancho El Rodeo valley have the same dip, indicating 

that it is not totally responsible for the beds' present positions.

It is possible that a high-angle normal regional fault paralleling the 

Sierra Arizonas to the east of the field area may have dowhdropped the 

block that includes the Rancho El Rodeo area, thus giving it the pres

ent orientation. It is also probable that a granite intrusion (Cerro 

del Chile) approximately 15-20 km northwest of Rancho El Rodeo may have 

affected the area, causing mild uplifting to the northwest of the thesis 

area and a regional dip to the northeast.

The tilting predated the late Tertiary-early Quaternary terrace 

gravels, since these beds are horizontal and unconformable with the Ter

tiary volcanics. To the west, early Quaternary basalts are essentially 

horizontal; hence, the tilting is believed to be no younger than late 

Tertiary in age.

The andesitic dike trends northwesterly but sweeps to the north

east near the Rancho El Rodeo valley. To the southeast, the dike trends
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northwesterly-southeasterly again, but the outcrop still undulates, in

dicating a relatively low dip. Evidence of cross-cutting can be seen 

near the andesite and volcanic contact and along with interfingering 

between the andesite and its host rock, indicating that the andesite 

occurs in a low dipping dike structure. Brecciation that includes angu

lar sericitized volcanics and andesite is found in the dike rock.

Closer inspection indicates that the brecciation accompanies high-angle 

normal faulting which occurred after the dike was emplaced.

In the central portion of the mapped area, particularly on the 

southeast side of the valley (Figure 2), the concentric appearance of 

the altered latite porphyry unit (ALp) is of economic interest because 

of the high amount of hematite casts indicating oxidized pyrite. This 

area is probably where the highest amount of sulfides (pyrite) occurred 

before alteration to iron oxide minerals. Unfortunately, the Rancho El 

Rodeo valley alluvial deposits have covered most of the structure, mak

ing any interpretation difficult. Geochemistry has indicated anoma

lously high amounts of zinc to the southeast of the concentrically 

structured area. This is discussed in the geochemistry portion of the 

thesis.

Scattered throughout the latite porphyry, altered latite por

phyry, quartz latite porphyry, and the diorite rock units are small 

mafic schistose pods or inclusions. These are believed to be the oldest 

rocks studied because they are included in so many of the Tertiary rock 

units. They have no particular orientation, but appear to have been 

rafted inclusions caught up in the molten volcanic flows. In addition.
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schistose and foliated metamorphic rocks are found In the region to the 

south and west; they are believed to be of Cretaceous age or earlier 

(Geologic Institute of U.N.A.M., 1974).

Geologic History

Since no previous work has been done concerning the geologic 

events that affected the rocks of the Rancho El Rodeo region of the 

state of/Sonora, the following history given herein will not be de

tailed, and it probably lacks many important details relating to the 

present-day topography.

The Precambrian section is not present in the thesis area, nor 

are the Paleozoic rocks. However, they certainly must exist as a base

ment, since outcrops of metamorphic, igneous, and sedimentary rocks of 

those eras exist to the south near Tututama and Caborca, Sonora (Geo

logic Institute of U.N.A.M., 1974).

Schmitt (1966, p. 22) mentions that folding and faulting accom

panied the basin and range building structures. Hence, it is conceiv

able that the small mafic schist inclusions may be metamorphic remnants 

from the Late Cretaceous-Early Tertiary folding that accompanied the 

basin and range building. The basin and range province is believed to 

extend into northern Mexico (Dunbar and Waage, 1969, p. 423). The rem

nants probably were caught up from the land features in the area dur

ing the Tertiary period, when a series of volcanic flows were deposited. 

Because of the proximity of the Texas Lineament, or Texas structural 

zone, it is probable that three of the five important structural 

trends (Table 1) developed at this time. Two of the trends are
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very close to the 285° average trend of the Texas Lineament and the 

third lies close to the east-west structural trends that accompany the 

Texas zone (Schmitt, 1966, p. 22-24). Another set of joints, an appar

ent product of the Wasatch-Jerome orogen which trends northerly- 

southerly, made its imprint on the area (Table 1). At this point in 

the Middle-Late Tertiary period, several intrusives and veins were em

placed, probably all interrelated. These include quartz veins, quartz 

monzonite, and hornblende monzonite porphyry bodies. Because overturn

ing was found in the field near the intrusive contact, it is believed 

that the intrusive hornblende monzonite porphyry bodies were actively 

emplaced, which is not typical of porphyry copper intrusions (Stringham, 

1966, p. 38). At the same time the intrusives were emplaced, tourma- 

linization occurred, finding its way upward and impregnating the quartz _ 

filling in the northerly trending veins in the immediate vicinity. Sul

fides (i.e., pyrite) also accompanied the quartz while emplacement of 

the vein material continued and pyrite probably carried over and concen

trated itself with the sericite and quartz in andesite when the appar

ently sulfide-rich dike was emplaced. It is conceivable that the latite 

and dacite intrusives were emplaced at the same time as the dike, since 

they follow a similar east-west structural trend and they are genetically 

associated. At this time, all rocks previously described had undergone 

sericitization, some silicification, probably minor oxidation, and selec

tive tourmalinization where rocks were close to the vicinity of the tour

maline exposure. Diabase and hornblende lamprophyre were intruded to 

the area after sericitization was completed and all or most of the
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hydrothermal activity had ceased. Only minor oxidation and ordinary 

chemical weathering are found in those two rock units. Tertiary activ

ity was probably closed when some igneous activity in the area tilted it 

to the northeast and the most recent northeast structural trend devel

oped (Table 1). The Rancho El Rodeo valley is probably a result of this 

later activity where erosion began molding the arroyos and ridges into 

the rock units of the area. The large Rancho El Rodeo valley fault con

ceivably created a good avenue of escape for erosional run-off to the 

southwest, away from the Sierra Arizona highland to the east.

The flat-lying Quaternary terrace gravels, composed of the local 

rock units and some metamorphics, became terraced on the older Tertiary 

erosion plane. As erosion wore down to the present day topographic 

level, alluvium filled the arroyos and valleys.



GEOCHEMISTRY

Objectives and Procedures

Preliminary investigative work done by the CBM in 1974 and 1975 

revealed that anomalous amounts of copper exist in northern Sonora. The 

Rancho El Rodeo vicinity exhibited a copper concentration of 300 ppm in 

several stream sediment samples taken near the thesis area. After the 

initial study of the geology of the thesis area, a new geochemical sam

pling program was conducted. The writer's field assistant, Luis Chavez 

Martinez of the CRM, was instructed to obtain rock chip samples along 

established survey lines and stream sediment samples in the major drain

ages within the thesis area.

Because the area was thought by the CRM to possibly be the cap

ping of a porphyry copper system, the elements chosen for analysis were 

copper, molybdenum, lead, zinc, and silver. The gold content was tested 

on the two shorter, more detailed lines. It was hoped that the elements 

would indicate the metal zonation associated with porphyry copper depos

its, i.e., copper and molybdenum in the center, grading outwards to lead 

and zinc, silver, and gold (Lowell and Guilbert, 1970, p. 402-403). In 

addition, any anomalously high values could be contoured and possibly 

checked for anomalous patterns by trend surface analysis using a com

puter program developed by the Kansas Geological Survey (O'Leary, Lippert, 

and Spitz, 1966).

Five rock chip sample geochemical lines were established. Two 

of the lines were short and directed across the hornblende monzonite
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porphyry outcrops. Line R-l trended 90° and extended 250 m across the 

centrally located and largest hornblende monzonite porphyry outcrop.

The sample interval was 25 m. Line R-2 was to the west of line R-l and 

trended 20° for 375 m, again sampled at 25 m intervals. Line R-2 was 

directed to cross the radial and concentrically, northwest-trending horn

blende monzonite porphyry dikes.

Lines R-3, R-4, and R-5 trended 300° with a sample interval of 

100 m. The three lines, 400 m apart, were established to correlate the 

southeastern side of the thesis area with the northwestern side, sepa

rated by the main northeastern-trending Rancho El Rodeo valley. • The 

lines were, respectively, 1700 m, 2000 m, and 1500 m long. Fresh rock 

chip samples were collected at each sample site after removing weathered 

surfaces at an outcrop. The samples were placed in plastic sample bags.

A total of 70 rock chip samples were taken in the Rancho El Rodeo area.'

Stream sediment samples were taken in the middle of the major 

drainage arroyos leading to the Rancho El Rodeo valley. The samples 

were taken below the top of the sediment layer and placed in plastic 

bags. A total of 17 samples were taken.

Analysis of all samples was carried out at the CRH Federal Office 

in San Luis Potosi. Acid extraction techniques were used on copper, 

lead, zinc, and molybdenum. Silver was obtained in the cyanide recov

ery process. Gold was measured in parts per billion (ppb), and all of 

the other tested elements were measured in parts per million (ppm). All 

of the elements, excluding molybdenum, were quantitatively measured



using atomic absorption spectrophotometry. Molybdenum was measured 

using x-ray fluorescence.
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Geostatistics

Data obtained from the geochemical study of the Rancho El Rodeo 

area was input into the Stat Pack V4 program from Western Michigan Uni

versity. Geostatistical studies were separately conducted on 70 rock 

chip samples and 17 stream sediment samples. The results are shown in 

Tables 2 and 3, respectively. Seven variables were used in the compi

lation: (1) the north coordinate, (2) the east coordinate, (3) copper,

(4) lead, (5) zinc, (6) silver, and (7) molybdenum. All of the elements 

tested for are given in parts per million.

The determination of background and threshold values is shown in 

Table 4 for both the rock chip samples and the stream sediment samples.

As seen in the table, the stream sediment values are consistently higher 

than those resulting from the rock chip sample study. This is because 

the values from the stream sediments were much higher than those of the 

rock chips. Some difference between the two sampling mediums is to be 

expected, however. Based on the numbers of samples taken in the two 

surveys, it would seem that more reliability could be placed in the rock 

chip data rather than the stream sediment data, because 17 stream sedi

ment samples are not enough points to run a proper geostatistical study. 

Therefore, the following discussions are based primarily upon the rock 

chip geostatistics. The median was chosen as the background value for 

each element, since it is generally a more reliable estimate than the 

mode, which is dependent upon the interval chosen in subdividing the data



Table 2. Sta_tls^ics__of_^ock_Chlp^eochemlstry^_^ancho^lL̂ odeo^Area.

Element Mean (X)
Standard 

Deviation (S) Variance (S^) Median
No. of 
Samples

Maximum
(ppm)

Minimum
(ppm)

Copper 39.8 25.3 637.9 35.0 70 140.0 10.0
Molybdenum 72.2 39.5 1558.0 84.0 70 146.0 0
Lead 39.5 44.3 1965.0 27.5 70 255.0 5.0

Zinc 130.5 70.0 4894.0 120.0 70 310.0 15.0

Silver — - —  — — — 2.5 70 5.0 2.5



Table 3. Statistics of Stream Sediment Geochemistry, Rancho El Rodeo Area.

Element Mean (X)
Standard 

Deviation (S) Variance ( s 2 ) Median
No. of 
Samples

Maximum
(ppm)

Minimum
(ppm)

Copper 30.6 13.1 172 30 17 60 15.0

Molybdenum 105.3 26.3 694 96 17 167 71.0

Lead 117.9 74.5 5544 95 17 260 30.0

Zinc 291.8 268.4 72059 175 17 1050 20.0
Silver — — — — — — — — 17 5 2.5



Table 4. Background and Threshold Values for the Rancho El Rodeo Area .
____________ Threshold (ppm)

Mean Two Populations
Background (ppm) One Population (Cum. Freq. Plot

Sample Type Element (= median) (= X + 2S) at 95th Percentile)
Rock Chip

(70 samples) Copper 35.0 90.0 —

Molybdenum 84.0 — 134

Lead 27.5 — 187

Zinc 120.0 — 478

Silver 2.5 4.1 ——

Stream Sediment
(17 samples) Copper 30.0 57.0 ——

Molybdenum 96.0 158.0 —

Lead 95.0 267.0 — —

Zinc 175.0 — 751

Silver Not determined
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into frequency classes (Levinson, 1974, p. 564). The threshold, which 

is considered to be the upper limits of the background, is either based 

upon a single population of values or multiple populations. Hawkes and 

Webb (1962) suggest that for a single population, the threshold is 

found by calculating the sum of the mean plus two times the standard de

viation (X + 2S). For 2 or more populations, the threshold is calcu

lated as the value corresponding to the cumulative frequency plot value 

at the 95th percentile. Figure 5 graphically shows the cumulative fre

quency plots for Cu, Mo, Pb, and Zn (rock chip geochemistry).

Copper

The rock chip and stream sediment samples maximum and minimum 

values (ppm) are 140 and 10, and 60 and 15, respectively. The means are 

39.8 and 30.6. These values correspond approximately to the average 

amount of copper found in felsic igneous rocks (Hawkes and Webb, 1962, 

p. 364). The background, which in this study corresponds to the median, 

is 35 and 30, respectively. From Figure 5, it is seen that the copper 

values belong to a single population. The calculated threshold values 

are 90 ppm for the rock chip samples, and 57 ppm for the stream sediment 

samples. Only 3 anomalous values, or those values above the threshold, 

are found in the rock chip samples, and only 1 in the stream sediment 
samples.

Molybdenum

The maximum and minimum values for the rock chip samples and the 

stream sediment samples are, respectively, 146 and 0, and 167 and 71.



6.0-

Zn
TWO P O PU LA TIO N S

95 T H  % - I L E  
* 187 P P M  ( 5.23)95 TM % - I L E  

: 4 7 6  P P M  (6.17) TWO PO PU LA TIO N S
*  4.0-

MEDIAN =120 ppm (4.79)

MEDIAN = 27.5  ppm (3.31)

5 10 20 30 4 0  50 60 70 80 9 0  95 98 99
C U M U LA TIVE FREQUENCY

20 10 40 50 60 70 80 96 99
CUMULATIVE FREQUENCY

Cu
S IN G L E  P O P U L A T IO N

Mo
TWO PO PU LA TIO N S 95 T M  %-ILE 

» 134 P P M  (4.90)4.0-95 TM % - I L E  
* 83 P P M  (4.42)

X  4 0 - MEDIAN : 84 ppm 
(4 .43 )

MEDIAN : 3 5 ppm (3 .5 6 )

10 20 30 40 50 60 70 0 0  9 0  95 90 99
CUMULATIVE FREQUENCY

5 10 20 30 4 0  SO 60 70 80 90 95 90 99
CUMULATIVE FREQUENCY

Figure 5. Cumulative Frequency Graphs for Copper, Molybdenum, Lead, and Zinc in the Rancho El 
Rodeo Area. —  Based upon rock chip geochemistry. 4>H



42
The respective means are 72.2 and 105.3. This is an extremely high con

centration of molybdenum when compared to the average abundance in in

termediate felsic rocks, which is 1-2 ppm (Levinson, 1974, p. 43). 

Further sampling in the area should be checked using analytical stan

dards (see Conclusions and Recommendations). The median, or background, 

for the respective samples is 84 and 96. Based upon a two-population 

cumulative frequency plot (Figure 5), the threshold for the 70 rock chip 

samples is 134 ppm. The calculated threshold for 17 stream sediment 

samples is 158 ppm based upon a single population. Only two anomalous 

rock chip sample values of 136 and 146 ppm, and one stream sediment 

value of 167 ppm are above their respective threshold values.

Lead

The respective maximum and minimum values for the rock chip and 

stream sediment samples are 255 and 5, and 260 and 30 ppm. The respec

tive means are 39.5 and 117.9 ppm. These values are higher than the 

average abundance occurring in intermediate felsic rocks which is 15-20 

ppm (Levinson, 1974, p. 43). The medians, or backgrounds, are respec

tively, 27.5 and 95 ppm. Based upon a two-population cumulative fre

quency plot and a single population calculation (Figure 5), the 

threshold values are 187 and 267 ppm. Two anomalous rock chip values 

and no anomalous stream sediment values were found to occur in the 

Rancho El Rodeo area.

Zinc

The maximum and minimum values for the 70 rock chip and 17 

stream sediment samples are, respectively, 310 and 15, and 1050 and 20
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ppm. The respective, means are 130.5 and 291.8 ppm. According to 

Levinson (1974, p. 44), the intermediate felsic rocks average 40-60 ppm. 

Again, the Rancho El Rodeo values are much higher. The median, or back

ground values, are respectively, 120 and 175 ppm. The rock chip cumu

lative frequency plot (Figure 5) indicates the samples belong to two 

populations, as does the stream sediment plot. Therefore, the threshold 

values are 478 and 751 ppm. No anomalous rock chip values and one anom

alous stream sediment value were found in the Rancho El Rodeo area.

• Silver

A maximum and minimum for both the rock chip and stream sedi

ment samples was 5.0 and 2.5 ppm, respectively. Because only these two 

values were detectable for the silver content, a geostatistical study 

was not conducted. Inadequate laboratory analysis is attributed to the 

uncertain silver values.

The only element that shows any potential economic interest is 

molybdenum, even though the geostatistical study indicates possible anom

alous amounts of zinc and lead in the Rancho El Rodeo region. An ex

amination of the geology linked with the habitual characteristics of 

zinc and lead leads one to conclude, however, that neither of these two 

elements is present in anomalous concentrations. The only sulfide miner

al found in the area is pyrite (FeS2). Since an oxidized zone does 

exist at the surface of the Rancho El Rodeo property, it is logical to 

assume that either remnant sulfides of lead (galena, PbS) and zinc 

(sphalerite, Zn,Fe(S)) or their oxidized counterparts should be present
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if there were, at one time, significant concentrations of these two ele

ments . The basic oxidized products of lead are: anglesite (PbSO^), 

cerussite (PbCOg), and minium (Pb^O^); similarly, for zinc: smithsonite 

(ZnCOg), hemimorphite (Zn^S^OyCOH^'^O) and rosasite ((Cu,Zn)2(C0g)
(OH)2) if any Cu-Zn mineralization were present. However, none of these 

minerals were found in the oxidized portion at the surface. In addi

tion, Levinson (1974, p. 205) suggests that clay-metal reactions tend 

to increase background levels of an element considerably, and that Mn-Fe 

oxides may adsorb anomalously large amounts of metals under certain con

ditions. In the Rancho El Rodeo area, argillization of the rock types 

has proceeded sufficiently to justify the first concept, and certainly 

the intense, red-brown oxidized surface zone is indicative of abundant 

iron oxides, which would support the second suggestion.

The mobility of lead and zinc and their contaminant possibili

ties must be considered as well. Levinson (1974, p. 148-150) supports 

the well-known fact that these two elements can be redistributed far 

from the prevailing source under a conducive precipitating environment 

that would be acidic, which could be likened to the heavily argillized 

and sericitized volcanics and intrusives found in the Rancho El Rodeo 

area. In addition, lead and zinc contaminate surrounding areas very 

easily (Levinson, 1974, p. 197-198). Because the thesis area is lo

cated in ranching and cattle country, where domestic litter is common, 

it is logical to assume that some, if not most, of the zinc and lead 

has come from that source, since the geologic environment is not favor

able for their origin in anomalous concentrations.
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Molybdenum values run very high (167 ppm) even though there ap

pears to be no indication of the element on the surface. High values 

can be attributed to either an actual occurrence or incorrect geochem

ical analysis. Assuming that molybdenum does occur in the Rancho El 

Rodeo area at such a high concentration level, it could be due to either 

contamination or to a deposit. In the case of their being a deposit, 

some evidence of molybdenum-based mineralization should be present in 

the district. However, in the oxidized zone, no alteration minerals of 

molybdenite (MoSg) could be found, such as ferrimolybdite (Fe2(MoO^)g* 
8^0(7)) or wulfenite (PbMoO^). In fact, the only diagnostic structure 

left in the "capping" are cubic-shaped and elongate rectangular-shaped 

casts, some of which have iron haloes surrounding the voids. The voids, 

at one period in time, probably contained pyrite and hornblende, respec

tively. Incomplete removal of each mineral confirms this idea.

The cumulative frequency plot (Figure 5) indicates a two- 

population frequency for molybdenum. A contoured molybdenum isograd map 

(Figure 6, in pocket) shows a very strong northeastern alignment across 
the entire thesis area, roughly 90° from the orientation of the sample 

survey lines. Positive areas parallel the southeastern and northwestern 

sides of the major northeastern-trending valley, particularly in the 

vicinity of the tourmaline exposure area (Figures 2 and 4). The most 

intense and highly altered sections of the lithologic units lie approxi

mately along these strong positive areas. The northeastern molybdenum 

trend is also approximately at right angles to the strike of the rocks 

and is in alignment with the most frequently occurring fracture set
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(Table 1). Because of the high geochemical values yielding anomalous 

results and the anomalous indications of the cumulative frequency plot, 

a trend surface analysis for molybdenum was completed. This will be 

discussed in the following section.

Copper values reached background, but not the threshold; thus, 

there are no anomalous areas in the Rancho El Rodeo vicinity. Oxidized 

copper minerals (chrysocolla, malachite, and azurite) were found in two 

prospects, both of which were associated with calcite and an ultrabasic 

sill. No sulfides were found.

Silver values were* usually not determinable and, therefore, no 

further discussion is made for the element, except to note that the sil

ver, values are probably analytically incorrect and useless. Only three 

values (not determinable, 2.5, and 5.0 ppm) were reported; hence, a 

statistical study could not correctly be applied.

Gold was tested for on lines R-l and R-2. The values were ex

tremely low (in ppb) or nil and therefore, no discussion is warranted.

Trend Surface Analysis

Since the predominant sample type available in the Rancho El 

Rodeo area is rock chip, the question arises as to whether the appli

cation of a trend surface analysis is feasible. The trend surface 

analysis is designed to separate the map data into two components— the 

(1) local fluctuations and the (2) regional trend of the area. Because 

no previous orientation geochemical surveys have been conducted in the 

area, and because it was questionable as to whether the analysis would 

be useful, the trend surface was done only for molybdenum, which appears
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to have the most economic possibility in the thesis area. A total of 

70 rock chip samples supplied the necessary information. A FORTRAN 

trend surface program developed by the Kansas State Geological Survey 

(O’Leary et al., 1966) was used to compute and plot the trend maps and 

residuals for up to n = 500 data points.

In the polynomial trend surface analysis, polynomial surfaces of 

order 1 through 6 were calculated. Then, the option of removing the 

calculated trend surface from the original data and fitting a new trend 

surface to the resulting residuals could be applied. The print-out 

trend surface and residual maps were then hand contoured for further 

evaluation.

The F test for significance was applied (Davis, 1973, p. 343-344) 

in order to find the best functional model (of which order) that would 

fit the data. Table 5 summarizes the F test's results, which indicate 

that the 5th degree trend surface is the most useful map for the Rancho 

El Rodeo data. From the computer print-out, the trend equation for the 

5th degree is:

Z = 52353.18570 + (-1018.83654)X + 312.85304Y + 1.25410X2 + 

1.25209XY + (-.65680)Y2 + (-.00059)X3 + (-.00140)X2Y +

(-.00044) XY2 + .00045Y3 + .00000X4 + .OOOOOX3Y + .00000X2Y2 + 
.00000XY3 + (-.00000)Y4 + (-.00000)X5 + (-.00000)X4Y + 
(-.00000)X3Y2 + (-.00000)X2Y3 + .OOOOOXY4 + .00000Y5

where X is the easting coordinate, Y is the northing coordinate, and Z 

is the computed value at a particular coordinate. In this case, Z would



Table 5. Significance of Increasing the Degree of a Polynomial Trend from (p) to (p+1) for

Source of
Total DFa 

= n-1 = 69
Total SSD 

= 134385.5 Mean Mean Significant
Variation DF Add'l. SSC Error SS Squares (MS) Error SS F Test at 5% Level?

Explained by: 
1st degree 3d 41853.7 13951.2 10.0 yes

Error 66s 92531.8 1402.0

2nd degree 3d 11235.0 3745.0 2.9 yes

Error 63e 81296.8 1290.4

3rd degree 4d 15827.7 3956.9 3.6 yes

Error 59e 65469.1 1109.6

4th degree 5d 25731.3 5146.3 7.0 yes

Error 54e 39737.8 735.9 '

5th degree 6d 11476.4 1912.7 3.2 yes

Error 48® 28261.4 588.8

6th degree 7d 4764.6 680.7 1.2 no (<table)

Error 41e 23496.8 573.1
^Degrees of Freedom.
^Sum of Squares.
cAddition to sum of squares achieved by using next higher order polynomial. 
^DF associated with additional SS. 
eDF associated with error SS.

•tJ'00
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correspond to a computed value of a rock chip sample. The rock chip 

sample will reveal the elemental value in the rocks at that particular 

point location, whereas a stream sediment sample value is considered an 

average of many values within a drainage cell. Hence, the rock chip 

sample data was used rather than the stream sediment data.

A total of 70 rock chip samples were collected. The number of 

degrees of freedom (DF) for the sample variance is 69. In applying the 

F test, the accepted procedure is to test the significance of the incre

mental change in the additional sum of squares (SS), which is explained 

by using the next higher order polynomial. As an example, the calcula

tions for the 4th and 5th degree polynomials in Table 5 are explained 

here. The DF associated with the additional SS explained by the 4th 

degree polynomial is 5. Subtracting this from the previously acquired 

DF associated with the error SS (59) yields 54, the DF associated with 

the error SS for the 4th degree polynomial. By subtracting the 4th de

gree surface from the 3rd degree surface (given in the computer print

out) , one obtains 25731.3, the additional SS for the 4th degree 

(additional variation explained by extra terms in the 4th degree). The 

error SS is given in the printout, which is 39737.8 (the variation not 

explained by the surface). These two values, 25731.3 and 39737.8, when 

divided by the appropriate DF values, 5 and 54, yield, respectively, the 

mean square, 5146.3, and the mean error SS, 735.9. Division of the mean 

square by the mean error SS produces the F test value, 7.0. When com

pared to a table value for significance at the 5% level, it is found 

that the test value is greater than the table value and is therefore
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significant. Similarly, the F test shows the 5th degree polynomial sur

face to be significant. However, the 6th degree F test value of 1.2 is 
less than the table value and insignificant. Hence, the previous sig

nificant surface is the highest and most functional trend surface, 

which, in this case is the 5th degree polynomial trend surface.

The contoured raw data plot and the 5th degree residual map for 

molybdenum (Figures 6 and 7, in pocket) show that the major trend is 
northeast, varying from 70 to 40° on the western and eastern sides, re

spectively. In addition. Figure 6 indicates that the highest anomaly 
(146 ppm) is situated in the southwest portion of the mapped area in 

the vicinity of the tourmaline exposure. This high is apparently swal

lowed up in the northwestern end of the larger 300°-trending ridge of 

the trend surface map (Figure 8). Another high of 136 ppm occurs on the 

west flank of the main hornblende monzonite porphyry and discriminately 

shows up in the extreme northwest corner of the trend surface map as a 

ridge building to 250 ppm on the edge of the map. In contrast to Figure 

6, the contoured 5th degree polynomial trend surface map (Figure 8) re
veals a northwest-southeast trend. Specifically, a valley with a value 

of 50 ppm separates two ridges trending 300° with a relief of at least 

200 ppm and a maximum of 500 ppm. The ridge trend corresponds exactly 

to the orientation of the rock chip sample lines (300°).

The secondary influence of the three rock chip sample lines is 

apparent in Figure 7. Highs are centered over the vicinity of the horn

blende monzonite porphyry in the northwest portion of the area, and in
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the southwestern map area, which consists of rhyolite and rhyolite por

phyry. The residual map reveals the highs and lows much more intensely 

than the raw data plot or the trend surface map, which is expected. 

However, there is a good correlation between the highs on Figures 6 and 
7 in the western map area, possibly meaning that those residuals may 

contain anomalous amounts of molybdenum. Inspection of the surface 

geology showed no indicative molybdenum-bearing minerals or related 

oxides (see preceding section, discussion of molybdenum mineralization). 

The proximity of the strongly silicified tourmaline exposure to the 

molybdenum anomalies may indicate that it could be the source of such 

mineralization.

In conclusion, the trend surface analysis for molybdenum re

vealed that, at this point in the analysis of the Rancho El Rodeo area, 

the trend study served no purpose other than to establish that only 

enough samples were collected to construct an orientation survey. The 

fact that the 5th degree residual plot is influenced by the three sample 

lines indicates that there is a need for establishing a regular rectangu

lar grid sampling survey in the area. A sample spacing of 50-100 m in 

two directions would form the two orthogonal grid lines for the sampling 

program. It is suggested that the two lines run 30 and 300°, respec

tively, at a sample spacing of 100 m. The respective line lengths 

should be 1800 and greater than 2000 m.
Finally, it would be advisable to check the geochemical values 

used in this study. Indeed, the average values of molybdenum existing 

in volcanic and igneous rocks varies from 1.0 to 1.5 ppm, as mentioned
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earlier. Because the Rancho El Rodeo values are much higher, standards 

should be used on all further sampling in order to insure that geochem

ical results are valid and accurate. Before any further evaluation of 

the Rancho El Rodeo area proceeds, it is recommended that the geochem

ical results obtained in this study be verified by reanalysing the pulps 

of the first samples, or by resampling the thesis area and inserting

known standards.



GUIDELINES FOR EXPLORATION IN 
THE RANCHO EL RODEO AREA

As mentioned earlier in the report, no mining has been done in 

the Rancho El Rodeo area. Only two prospects were found, both of which 

showed insignificant copper oxides associated with ultrabasic sills less 

than 1.5 m wide. . Both of the prospects are located in the rhyolite por

phyry (Rp) unit in the southwest portion of the mapped area (Figure 2).

No other mineralization of economic interest has been found in the the

sis area. Approximately 15-20 km to the west of Rancho El Rodeo, a 

small porphyry copper-type deposit was located and drilled (Drs. J. 

Guilbert and P. Gilmour, in collaboration with Geochemical Surveys Corp., 

personal communication, 1976). In addition, small gold-bearing veins 

associated with volcanic rocks have produced some small amounts of ore. 

These apparently epithermal deposits occur a few tens of kilometers to 

the north and northwest of the thesis area, respectively, called the 

Sombretillo District.

Since there is a rather poor correlation between the molybdenum 

anomaly and the geology of the thesis area (the fact that the geology 

gives no indication of there being a molybdenum anomaly), a reanalysis 

of the pulps from the original sample survey with appropriately inserted 

geochemical standards should be conducted before any further exploration 

is executed on the property. After this has been accomplished, if re

sults are still favorable, then the following exploration is suggested

54
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for the Rancho El Rodeo area. Table 6 is a summary of the exploration 
costs for the area shown in Figure 2.

Continued mapping at a scale of 1:5000 (1 cm = 50 m) should be 

done along the eastern edge of the already mapped area, since the alter

ation and the andesitic dike are continuous in that direction. In ad

dition, the Zn and Mo values are still quite high in that section of the 

mapped area. Because of encountered terrace gravels to the west and 

low-grade metamorphics (phyllite) adjacent to the north, the only poten

tial mapping areas lie to the east and southeast. Slightly less than
O2 knr need to be mapped at the proposed scale. If strong alteration 

and/or mineralization is found, detailed mapping at 1:2000 is recom
mended for those areas.

Geochemistry • (i.e., rock chip sampling) should be continued in 

the area, particularly for molybdenum. Because of the highly oxidized 

nature of the rock, reliable values for zinc may be hard to obtain, 

since the element is relatively mobile under such conditions. The three 

existing 300°-trending sample lines should be extended 1 km in the 
southeasterly direction. Four more lines 1800 m in length should be 

added to the northwest-trending set, with a sample spacing of 100 m, 
and a line spacing of 200 m. An orthogonal set of sample survey lines 

trending 30° should be established, forming a rectangular gridwork with 

the complementary set. The sample spacing and line spacing should be 

the same as before. Line lengths for the 10 suggested 30° lines should 

be 1800 m. The residual plot (Figure 7) from the trend surface analysis



Table 6. Proposed Exploration Budget for the Rancho El Rodeo Area.
Unit
Cost

Total
Cost

Photogrammetry (includes flying and topographic map construction), 
5 km^, scale 1:5000 $300/km2 $1,500

Map reproductions— base maps, enclargements, prints, etc. — 100
Geologic mapping of additional 2 km^ to the south, east, and southeast; 
scale 1 cm = 50 m, project geologist, 10 days $105/day 1,050

Geochemical rock chip sampling, 10 sample lines @ N30°E, 1800 m long; 
4 lines 1800 m long; and 3 original lines extended 1000 m @ S60°E; 
sample interval = 100 m, field assistant, 12 man days $75/day 900

Analysis for 282 samples, analysed for Mo, Cu, Pb, Zn $5/sample 1,410

Preparation of 10 petrographic thin sections $4/sample 40

Interpretation of thin sections and geochemistry by project geologist, 
14 days $50/day 700

Transportation (4 wheel drive), 12 days $15/day + 
$0.10/km 180

Contingencies related to above work @ 10% subtotal —— 590

Exploration cost before drilling $6,470

Diamond core drilling (NX size), 3 holes @ 300 ra average depth; 900 m 
total drilling; approximately 10% of cost represents mobilization, 
moving, and site preparation; extra costs include casing, cementing, 
additives, water hauling, stand-by, etc. $40/m $36,000

Manpower for drilling, project geologist, 35 days on site, 2 
shifts/day = 35 ra/day drilling $105/day 3,675

Drill core assays on 3 m composite intervals; total number of assays 
for 3 holes = 300; analyse for Cu, Mo, Pb, Zn $10/sample 3,000

Interpretation of all data including results of drilling program 
and geochemistry; incorporate into final report by project geologist, 
10 days $50/day 500

Transportation (4 wheel drive), 35 days $15/day + 
$0.10/km 525

Contingencies related to drilling phase and final project report 
@ 10% subtotal — 4,370

Total cost of drilling phase $48,070

Proposed exploration total $54,540

Pay Scales for Manpower

Project Geologist

$1500/month for 30 days pay $50/day
Room and board $30/day
Overhead and fringe benefit @ 30% additional $ 2 5 /day

Total Field Pay Scale $105/day.

H e l d  Assistant

$850/month for 30 days pay *\<$30/day
Room and board $30/day
Overhead and fringe benefit @ 25% additional $ 1 5 /day

— — Total Field Pay Scale ____________________________  $75/day
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run on the orientation survey samples have established the need of a 

rectangular sample grid in the Rancho El Rodeo area.

Because of the geological-mineralcgical evidence that there may 

be a high total sulfide system (low copper, if any) at depth, geophysics 

(I.P., magnetometry) would not supply any additional information that 

would benefit exploration in the thesis area at this time. Instead, 

emphasis should be placed upon geologic mapping and geochemistry. Drain

age is poorly developed and stream sediment sampling is of no use in the 

project, either.

Three areas are worth drilling as potential targets for miner

alization and/or geologic information (Figure 2). Since no particular 

target depths have been established, it is useless to specify a certain 

depth for each hole. Therefore, for purposes of arriving at a prelimi

nary exploration cost, a drilling depth of at least 300 m is suggested.

The three proposed holes, D.D.H-1 D.D.H.-2, and D.D.H-3 shown on 

Figure 2, are located as shown based upon alteration-mineralization ob

served in the field, and interpretation of the molybdenum anomaly gener

ated from the results of the geochemical rock chip survey. For purposes 

of maximizing the amount of geologic-mineralogic information obtainable, 

all three holes should be drilled vertically, since no subsurface data 

is available. The suggested core size is NX, and composite assays should 

be made every 3 m. Obviously, coring will not be necessary for the first 

10-20 m at D.D.H.-3, since unconsolidated gravels will be encountered 

until bedrock depth is achieved.
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Hole D.D.H.-l is located near the contact of the rhyolite (R) 

and rhyolite porphyry (Rp) units in the center of hottest molybdenum 

anomaly. The hole is in the vicinity of the intersection of two quartz- 

pyrite-sericite veins and the tourmaline aureole, where as much as 60% 

of the country rock is impregnated with black fibrous schorl. Some dis

seminated pyrite is found scattered in the rhyolite, but is uncommon. 

Hole D.D.H.-2 lies within the center of a second molybdenum anomaly and 

shows respectable zinc values as well (>250 ppm). Hydrothermal activity 

is found in the immediate area as quartz-sericite veinlets and cubic 

casts after pyrite in the surrounding country rock. Intrusive rocks 

likely to be encountered are the hornblende monzonite porphyry (M) and 

hydrothermal evidence of the andesitic dike (A). D.D.H.-3 is placed in

a relatively high Mo and Zn anomaly, and in a hydrothermally altered 

quartz latite porphyry. As much as 10% total rock volume pyrite may 

have been present as evidenced by the badly decomposed, highly oxidized 

porphyritic rock. Only scattered remnant pyrite is found left in the 

rock. Because of the geometry of the alteration, it is logical to as

sume that an intrusive stock may lie at depth, accounting for the al

teration and anomalous concentrations of Mo and Zn in the Rancho El

Rodeo area.



CONCLUSIONS AND RECOMMENDATIONS

The Rancho El Rodeo color anomaly is composed of a series of 

felsic extrusive rock units that has been intruded by small masses, con

centric dikes, and radial dikes of hornblende monzonite porphyry. 

Latite-dacite exposures also occur irregularly with the felsic volcanic 

rocks. The volcanic flows, dipping northeasterly at a moderate angle, 

are cut by a northwesterly-trending andesite dike that is partially dis

cordant to its surrounding rock units. The outcrop of the andesite sug

gests that it is at a low angle near surface, but steepens with 

increasing depth. The andesite, considered to be the source of the 

ubiquitous sericite alteration, probably contained sulfides (pyrite), 

since many small hematite-bearing cubic casts after pyrite occur in the 

sericitized wall rock. In the southeastern part of the thesis area, an 

altered latite porphyry-quartz latite porphyry unit contains abundant 

hematite casts after pyrite. The outcrop is arranged in a hemispherical 

pattern and is truncated on the west side by the large northeastern- 

trending Rancho El Rodeo valley. As much as 10% of the latite porphyry 

was once pyrite.

The nature of the alteration in the thesis area reveals that no 

connection between a porphyry copper-type assemblage and the Rancho El 

Rodeo alteration should be made. Ubiquitous sericitization probably was 

primarily derived from the andesite dike. Silicification is either 

found in selected areas of the altered, sericitized andesite or in the 

rhyolite-rhyolite porphyry rock units associated with the tourmalinized
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rocks and very close to the main tourmaline exposure. Propylitization 

is found in the diorite, but it is considered to be a manifestation of 

the alteration of the mafic constituents of the rock unit itself. Lo

calized overturning of host rocks near one of the hornblende monzonite 

porphyry intrusive masses suggests active emplacement, whereas in the 

porphyry copper-type occurrences, intrusions are considered to be pas

sively emplaced.

Five types of veins are recognized in the area: (1) quartz-

sericite-feldspar, (2) quartz-sericite, (3) quartz-pyrite, (4) quartz, 

and (5) tourmaline-quartz. Most of the veins occur in the western part 

of the area, with pyrite being uncommon. Pyrite also occurs as widely 

dispersed but ubiquitous microfracture fillings and blebs within the 

rhyolite unit; it is considered primary and not hydrothermally-derived. 

The veins occur mostly within the area where silicification and tourma- 

linization have altered the volcanic rock units. As much as 60% of the 

rock has been permeated with bluish-black schorl, thought to have origi

nated from the strong tourmaline exposure located on the contact between 

rhyolite porphyry and rhyolite (Figure 2).

Geochemical analyses by the CBM in Mexico showed relatively high 

values for copper, molybdenum, lead, and zinc when compared to the gen

eral background of these elements in volcanic rocks. Out of the 70 rock 

chip samples taken in the area, 3 copper samples, 2 molybdenum samples,

2 lead samples, and none of the zinc samples were considered anomalous 

after determining threshold values. There was not enough stream sediment 

data available to do a proper statistical analysis of the area. Gold

60



61

values obtained on 2 of the 5 rock chip sample line surveys were prac

tically nil. Silver values reported as being 0, 2.5, ot 5 ppm suggest 

that laboratory analyses were inadequate and therefore no further study 

of the element was conducted.

Based upon results of the geochemistry, molybdenum appears to 

have the most economic significance in the Rancho El Rodeo area. There

fore, a trend surface analysis of polynomial degree 1-6 was conducted 

for molybdenum on the 70 rock chip samples. The FORTRAN trend surface 

program revealed a northwest-southeast trend as successively higher de

gree polynomials were tested using the standard F test. The most signif

icant and functional trend surface was determined to be the 5th degree 

polynomial surface. High 5th degree residual areas are located over the 

vicinity of the central hornblende monzonite porphyry intrusive and in 

the rhyolite-rhyolite porphyry units near the tourmaline exposure. The 

secondary influence of the three rock chip sample lines is apparent, as 

well. The influence of the sample lines and the intensity of the trend 

lead to the conclusion that this trend surface study actually served no 

useful purpose, other than to indicate that the sampling program estab

lished an orientation survey for the thesis area. A regularly-spaced 

rectangular sampling grid would probably eliminate any geometric bias 

generated by the sampling program.

A close inspection of the mineralogy and surface geology re

vealed that there are no secondary Cu-Mo-Pb-Zn minerals nor any evidence 

of their previous existence except in two small ultrabasic sills where 

there are scattered copper oxide minerals. Still, the possibility of
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molybdenum ore mineralization exists, based upon the geochemical ele

ment values. The probable source of the molybdenum mineralization is 

the tourmaline exposure, which may be concealing a vein or pipe-like 

structure. Therefore, before any further exploration is conducted in 

the Rancho El Rodeo area, it is recommended that a reanalysis of the 

rock chip pulps should be done, or a new sampling program be carried 

out and known sample standards be inserted into the rock chip samples. 

Assuming that this is done and that the results show favorable economic 

potential in the area, particularly for molybdenum, the area should then 

be further sampled using rock chip geochemistry on an established rec

tangular grid. Three potential drill targets are apparent (Figure 2) in 

the three most geologically favorable areas that coincide with the high 

positive areas on the residual plot for molybdenum (Figure 7). Because 

of the highly oxidized nature of the surface geology, a fairly deep 

depth of drilling (300 m) is suggested in hopes that sulfide mineraliza

tion will be encountered. The proposed exploration budget before drill

ing is $6,470 and after drilling yields $48,070. Combined, the total 

exploration budget amounts to $54,540. Total field time involved is 

approximately 45-50 days including the mapping and drilling of the the

sis area, with time allowed in between phases for study and interpreta

tion of the acquired field data.
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FIGURE 4. ALTERATION MAP OF THE RANCHO EL RODEO AREA, NORTHERN SONORA, MEXICO
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FIGURE 2, GEOLOGIC MAP OF THE RANCHO EL RODEO AREA, NORTHERN SONORA. MEXICO
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FIGURE 6. CONTOURED RAW DATA PLOT FOR MOLYBDENUM
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